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Abstract: This study was carried out to evaluate the effects of phenological and diurnal 

variation on volatile oil content and quality of Salvia officinalis L. (Lamiaceae) cultivated in 

Afyonkarahisar/Turkey. The harvesting times based on ontogeny were the pre-flowering, 

flowering and post-flowering stages. The harvesting took place three times a day, at 6:00 

a.m., 2:00 and 8:00 p.m. The results showed that the highest volatile oil was obtained at 8:00 

p.m. of the flowering stage (2.05%). In general, the best harvesting time was the flowering 

stage and the last hours of the day. The synthesis of volatile oil was almost the same at other 

phenological stages. The amount of volatile oil increased at the sunset time of the day in all 

studied stages. Among the identified of S. officinalis volatile oil compounds, oxygenated 

monoterpenes were the largest chemical group (52.8-68.6%). α-Thujone (13.0-35.8%) was 

the major compound of the most samples. The highest and lowest values of this compound 

were observed in the post-flowering and flowering stages, respectively. The other main 

compounds were camphor (7.0-20.2%), 1,8-cineole (6.9-14.1%), borneol (2.8-15.8%) and 

veridiflorol (4.5-12.3%). The effects of climatic factors such as day length, insolation, 

temperature and plant growth stage affected the quantity and quality of volatile oil content of 

S. officinalis. The results showed that the best harvesting time for S. officinalis for volatile oil 

content is 8:00 p.m. at the flowering stage in Afyonkarahisar climatic conditions. The volatile 

oil compositions of the plant varied widely at different harvest times (ontogeny and diurnal). 

Özet: Bu çalışmada Afyonkarahisar'da yetiştirilen Salvia officinalis L. (Lamiaceae) uçucu 

yağ oranı ve kalitesi üzerindeki fenolojik evre ve diurnal varyabilite etkileri araştırılmıştır. 

Ontogenetik varyabiliteye dayalı hasat zamanları çiçeklenme öncesi, çiçeklenme dönemi ve 

çiçeklenme sonrası olarak belirlenmiştir. Diurnal varyabilite olarak hasat saatleri 06:00, 

14:00 ve 20:00 ayarlanmıştır. Sonuçlara göre en yüksek uçucu yağ çiçeklenme döneminde ve 

saat 20:00'de (%2,05) elde edilmiştir. En iyi hasat zamanı çiçeklenme dönemi ve günün son 

saatleri olarak saptanmıştır. Diğer fenolojik evrelerde uçucu yağ sentezi neredeyse aynı 

oranda bulunmuştur. Ayrıca, çalışılan tüm evrelerde uçucu yağ içeriği günün son saatlerine 

doğru artmıştır. Salvia officinalis uçucu yağının tanımlanan bileşikleri arasında oksijenli 

monoterpenler en büyük kimyasal gruba sahip olmuştur (%52,8-68,6). α-Thujone (%13,0-

35,8) deneme örneklerinin çoğunda ana bileşik olarak belirlenmiştir. Bu bileşiğin en yüksek 

ve en düşük değerleri sırasıyla çiçeklenme sonrası ve çiçeklenme aşamalarında gözlenmiştir. 

Camphor (%7,0-20,2), 1,8-sineol (%6,9-14,1), borneol (%2,8-15,8) ve veridiflorol (%4,5-

12,3) diğer önemli bileşikler olarak tanımlanmıştır. Salvia officinalis uçucu yağının miktarı 

ve kalitesi üzerinde gün uzunluğu, güneşlenme, sıcaklık gibi iklim faktörleri ve bitki büyüme 

evresi etkileri belirgin bir şekilde ortaya çıkmıştır. Bu çalışmanın sonuçları doğrultusunda, S. 

officinalis’in en uygun hasat zamanı Afyonkarahisar koşullarında çiçeklenme dönemi ve saat 

20:00 olarak belirlemiştir. Bitkinin uçucu yağ bileşenleri, farklı hasat zamanlarında 

(ontogenetik ve diurnal) geniş değişim göstermiştir.  

 

Introduction

Salvia officinalis L. (common sage), as a woody 

perennial herb, is one of the most important commercial 

species of the genus Salvia which includes nearly 1000 

species throughout the Old and New Worlds (Lakušić et 

al. 2013). Salvia officinalis is native to the Mediterranean 

region but does not exist naturally in Turkey (Sönmez & 
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Bayram 2017). The cultivation of S. officinalis has 

recently become common in different regions of Turkey. 

This plant has anti-oxidant, anti-diabetic, anti-

inflammatory, anti-bacterial, anti-viral, anti-fungal, anti-

anxiety, memory-improving and hypoglycemic activities 

and there exist reports on its protective effects against 

Alzheimer, cardiovascular diseases and cancer (Grdiša et 

al. 2015, Miraj & Kiani 2016). It is also used as a diuretic, 

a local anesthetic for the skin, a styptic, traditionally 

(Bozin et al. 2007). The extensive therapeutic properties 

of S. officinalis are mainly related to bioactive 

compounds, especially its volatile oils (VOs) (Rguez et al. 

2018). Camphor (23.6-32.5%), α-thujone (11.3-28.5%), 

1,8-cineole (7.9-9.5%), camphene (6.2-8.6%), β-thujone 

(4.6-10.5%), α-pinene (3.2-5.9%), borneol (3.1-4.2%), β-

pinene (2.3-2.7%), viridiflorol (2.5-3.9%), α-humulene 

(1.9-3.1%) and manool (1.0-2.9%) were determined as the 

major chemical components of S. officinalis (Katar et al. 

2019). 

The production of secondary metabolites in plants as 

bioactive chemicals is a natural response to biotic and 

abiotic stresses that improve plant resistance to adverse 

conditions (Ramakrishna & Ravishankar 2011). The 

biosynthesis of secondary metabolites in terms of quality 

and quantity, although controlled genetically, is strongly 

affected by the climatic conditions, environment 

organisms, applied agro-techniques, harvesting time and 

post-harvesting processing (Miguel et al. 2004, 

Soltanbeigi & Sakartepe 2020). In other words, the 

volatile oil synthesis depends on the interaction between 

genetic, ontogenesis and physiological state of the plant 

with environmental conditions. The regulation of the 

volatile compounds is further complicated by dynamic 

differential components of abiotic factors such as edaphic 

properties, moisture, temperature and light intensity (Lee 

& Ding 2016). Ontogeny acts as a timeline for plant 

growth, which has a major role in determining the 

maximum accumulation time of volatile oils (Verma et al. 

2012). The accumulation pattern of secondary metabolites 

in plants is characterized by diurnal fluctuation due to 

enzymatic activities, temperature and light (Asghari et al. 

2014). Knowledge of factors that increase the quality and 

quantity in agro-ecosystems is necessary. These factors 

largely depend on the type of plant that can be considered 

to achieve cultivation aim. Therefore, methods that can 

produce a healthy medicinal plant with more effective 

substances may be needed (Azarnivand et al. 2010). Since 

climatic conditions cannot be controlled and managed, 

planting time, agronomic practices and especially 

harvesting time are the most critical factors in the optimal 

production of volatile oil and its quality (Lakušić et al. 

2013, Katar et al. 2019). 

This study aimed to determine the appropriate harvest 

time for S. officinalis in terms of ontogenetic and diurnal 

variability in Afyonkarahisar climate conditions. 

Materials and Methods 

Plant Material, Location  

The plant material was 3-year-old Salvia officinalis. 

The samples were obtained from an ongoing study in 

Afyonkarahisar Medicinal and Aromatic Plants Centre 

(38° 46' N, 30° 30' E) located in Turkey's inner Aegean 

region. The region is characterized as a transitional 

climate zone affected by three main climatic conditions 

seen in the Mediterranean (South), Central Anatolia (East) 

and Aegean (West) regions. The climate of the 

experimental location is harsh, with moderate rainy. Most 

precipitation occurs in winter and spring. Summers are 

hot and dry and winters are cold and snowy. Some 

meteorological data during the sampling season are given 

in Table 1 and some physico-chemical properties of the 

soil of the sampling area are given in Table 2. 

Treatments 

Plants allocated for sampling were grown following 

sustainable farming methods. Samples were taken at three 

different growth and developmental stages (ontogenetic 

variability) and three different hours of the day (diurnal 

variability). The pre-flowering (1 June), full flowering (24 

July) and post-flowering (29 August) stages were chosen 

for ontogenetic variability samples. The hours for diurnal 

diversity were 6:00 a.m., 2:00 p.m. and 8:00 p.m. The 

plant samples were cut from 5-8 cm and were separated to 

leaves and stems. The leaves were dried at 37°C in a 

cabinet type dryer for 72 hours.

Table 1. Some local meteorological data of the experimental field in 2019. 

Months 

Min. 

Temperature 

(°C) 

Max. 

Temperature 

(°C) 

Mean 

Temperature 

(°C) 

Precipitation 

(mm) 

Relative 

humidity 

(%) 

Exposure to sun 

rays 

(h) 

January -1.5 5.2 1.6 58.7 78.7 72.3 

February 0.3 8.5 4 35.3 71.3 104.5 

March 1.4 12.8 6.8 10.9 58 185.2 

April 4.3 15.2 9.5 21.3 61.5 150.8 

May 10.4 23.2 16.7 44.1 53.5 249.1 

June 14.5 26.7 20.5 78.4 58.3 232.3 

July 14.9 28.5 21.9 29.1 49.1 325.3 

August 16.2 29.5 22.8 4.5 47.4 286.7 

September 12 26.8 19.4 2.7 48.1 270.1 

Turkish State Meteorological Service
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Table 2. The values of some physico-chemical properties of 

the experimental soil. 

Properties (%) Elements (ppm) 

Organic matter content 1.84 Ca 3287 

Total N 0.14 Mg 577 

Sand 46.41 K 783 

Clay 32.98 Na 80 

Dust 20.61 Fe 0.21 

Lime 3.14 P 109 

Field capacity 27.43 Cu 2.3 

Wilting point 17.01 Zn 0.17 

Available moisture 10.41 Mn 1.91 

Soil class: Sandy clay; EC (mS cm-1): 0.19; pH: 8.37 

Volatile oil isolation 

For VO isolation, 50 grams of dry leaves were 

subjected to hydro-distillation with distilled water (1:10) 

by a neo-Clevenger type apparatus for three hours in 3 

replications. The VO content was determined 

volumetrically (mL 100 gr-1). After decantation, the VO 

samples were dried over anhydrous sodium sulfate and 

kept in amber vials at -4°C. 

Identification of chemical compounds 

The chromatographic analysis was conducted by a gas 

chromatography (GC) system (Agilent 7890B-USA) 

equipped with a flame ionization detector (FID) and 

coupled to a mass spectrometry detector (MSD) (Agilent 

5977A-USA) under electron impact ionization (70 eV). 

The MS scan range was 50-550 atomic mass units 

(AMU). The column for the separation of the compounds 

was HP-Innowax (Agilent 19091N-116: 60 m × 0.320 

mm internal diameter and 0.25 μm film thickness). The 

carrier gas was helium at a flow rate of 1.3 mL min-1. The 

detector, injector and ion source temperatures were 

270°C, 250°C and 230°C, respectively. Injection volume 

was set at 1 μL (20 μL VO was diluted in 1 mL n-Hexane) 

in split mode (40:1). The samples were analyzed with the 

column held initially at 70°C for 5 min hold time. Then, 

the temperature was raised to 160°C with a 3°C min-1 

heating ramp and 5 min hold time. Eventually, the 

temperature reached to 250°C with a 6°C min-1 heating 

ramp and 5 min hold time. For accurate determination of 

chemical compounds, the retention indices (RI) were 

calculated by injecting C7-C30 n-alkanes (Sigma-Aldrich-

USA) to (GC/FID) system (Agilent 7890B-USA) under 

the same conditions of the VO analyses. The 

identifications of the VO components were performed by 

comparing retention indices, mass spectra by the 

computer library database of US National Institute of 

Standards and Technology (NIST), Wiley libraries, other 

published mass spectra data (Adams 2007) and our 

database. Relative abundance (% area) was calculated 

based on the ratio between each compound's peak area 

and the sum of areas of all compounds. No response 

factors were calculated. 

Results and Discussions 

The distillation step revealed that the samples' VO 

content varied by different growth stages and different 

hours of the day (1.0-2.05 mL 100gr-1). In terms of 

ontogenetic variability, the maximum VO contents was 

obtained from samples taken in the full flowering stage 

(1.4-2.05 mL 100gr-1). The VO content VO increased 

diurnally in all three stages of the harvests as hours 

progressed during the day (1.3-2.05 mL 100gr-1) (Table 

3). Although genetics is considered to be the crucial 

determinant of quantity and quality (Lee & Ding 2016), it 

is inferred that in addition to agricultural practices, plant 

age, day length, light intensity, day and night temperature 

changes and relative humidity affect the VO content 

(Soltanbeigi 2020). Based on European Pharmacopoeia 

(2005) standards, the minimum VO content of S. officinalis 

should not be less than 1.5% in dried leaves. According to 

Paulus et al. (2019), the sunlight (quality, intensity and 

duration) has the most effect on VO synthesis. The 

flowering stage in this study coincided with July, when the 

plants received most of the light intensity (Table 1). Ben-

Farhat et al. (2016) showed that the best time to harvest S. 

officinalis is the flowering stage (1.49%) in terms of VO 

content. Besides, the process of biosynthesis of VOs in 

plants takes place only in very young cells. Since the 

accumulation of VO is directly related to leaf ontogeny, its 

synthesis rate is rapid in the early stages of leaf growth. 

With increasing leaf weight, its VO content remains almost 

constant (Nurzyńska-Wierdak et al. 2012). Ramezani et al. 

(2009) indicated the temperature variation during the day 

has more effect on VO accumulation. More recently, Rguez 

et al. (2018) reported an increase in S. officinalis VO 

content from morning to afternoon (7 a.m.: 0.78%, 12 noon: 

0.93% and 5 p.m.: 1.1%). 

A total of 44 components were obtained as a result of 

GC-MS analyses (Table 3). The highest number of 

components was found at 2:00 p.m. sample related to the 

pre-flowering stage. The least component was obtained at 

2:00 p.m. in the full flowering stage. Some components 

were not found in different growth stages and different 

times of the day. For instance, tricyclene, sabinene and 1-

octen-3-ol were not found in the pre-flowering samples, 

sabinyl acetate, alloaromadendrene and (+)-spathulenol 

were not detected in the pre-flowering and flowering 

stages, cis-Ocimene, α-copaene, linalool and propanal, 2-

methyl-3-phenyl- did not appear in the flowering and 

post-flowering stages. Aromadendrene and γ-cadinene 

were not identified in the flowering and post-flowering 

stages, respectively. 

Oxygenated monoterpenes were the main chemical 

group at different phenological stages with a considerable 

difference (52.8-68.6%) (Table 3). The highest 

accumulation of oxygenated monoterpenes occurred in 

the post-flowering stage, followed by flowering and pre-

flowering stages, respectively. In other words, with the 

aging of the plants, the amounts of oxygenated 

monoterpenes increased. Although the highest level of 

oxygenated monoterpenes was observed at 8:00 p.m. of 
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the pre-flowering stage, this group's amounts were higher 

in the morning harvests (6:00 a.m.) of flowering and post-

flowering stages. This group was followed by 

hydrocarbon sesquiterpenes (6.6-19.6%), hydrocarbon 

monoterpenes (4.7-14.3%), oxygenated sesquiterpenes 

(7.0-13.6%), oxygenated diterpenes (2.1-6.5%) and esters 

(0.6-4.5%). The highest level of hydrocarbon 

monoterpenes was observed in the flowering and post-

flowering stages. This group lacked specific behavior in 

terms of diurnal changes. However, the total amount of 

monoterpenes (oxygenated monoterpenes + hydrocarbon 

sesquiterpenes) in VO was highest at 6:00 a.m. Levels of 

both oxygenated sesquiterpenes and sesquiterpene 

hydrocarbons decreased with the aging of the plants. This 

state was in contrast to monoterpene's behavior. 

Epimanool, as a labdane diterpenoid, was the only 

oxygenated diterpene in VO samples of S. officinalis. The 

highest amounts of this composition were identified in the 

pre-flowering stage. As the hour progresses during the 

day, the values of this compound increased in all three 

phenological stages. Also, the highest accumulation of 

esters was in the flowering stage (Table 3). According to 

Piccaglia et al. (1997) low light and low temperatures at 

harvest time are likely to cause internal conversions 

between monoterpenes and sesquiterpenes. Increased 

oxygenated monoterpenes of S. officinalis VO in the post-

flowering stage (fruiting) have been reported by Ben-Farhat 

et al. (2016) and Mirjalili et al. (2006). In the study of 

Lakušić et al. (2013) on S. officinalis, the total monoterpene 

compounds increased in the warm months of the year and 

at the same time, the sesquiterpene compounds decreased, 

as in the case of our findings. The amount of monoterpene 

hydrocarbons at the flowering stage was also reported to be 

higher than at other phenological stages (Mirjalili et al. 

2006), similar to our findings, but the sum of monoterpenes 

was higher in the flowering stage. Rguez et al. (2018) 

indicated that the amount of oxygenated monoterpenes in 

the late afternoon hours of the day (5:00 p.m.) was at the 

highest level and monoterpene hydrocarbons were at the 

lowest level. But the sum of these two groups increased as 

the hour progresses during the day. 

Except for the samples taken at 2:00 p.m. and 8:00 

p.m. in the flowering stage, α-thujone (13.0-35.8%) was 

identified as the major compound of S. officinalis VO. 

The lowest (13.0%) and highest (35.8%) content of α-

thujone was found at 8:00 p.m. in the flowering stage and 

2:00 p.m. in the post-flowering samples, respectively. In 

terms of ontogenetic variation, the highest α-thujone 

content was in the after-flowering stage (32.3-38.8%). 

The pre-flowering and flowering stages followed the post-

flowering stage. The highest α-thujone in the pre-

flowering and flowering stages were recorded at 6:00 a.m. 

(23.8 and 19.2%) (Table 3). According to the observations 

of Mirjalili et al. (2006) and Ben-Farhat et al. (2016), the 

maximum amount of α-thujone was in the post-flowering 

stage (fruiting stage) and the lowest level was in the 

flowering stage. Katar et al. (2019) also reported the 

highest amounts of this compound in the full-flowering 

and fruiting-set stages. As the aging of S. officinalis, α-

thujone biosynthesis accelerates, which almost coincides 

with the warmer months of the year (Lakušić et al. 2013). 

A study that examined diurnal variations in S. officinalis 

VO compositions, α-thujone showed no clear response to 

hour changes (Rguez et al. 2018). 

The other main constituents identified were camphor 

(7.0-20.2%), 1,8-cineole (6.9-14.1%), borneol (2.8-

15.8%) and veridiflorol (4.5-12.3%). The highest 

camphor content was found at 2:00 p.m. sample in the 

flowering stage (20.2%), and the lowest content was seen 

at 6:00 a.m. of pre-flowering. Although this compound's 

highest and lowest values were observed at 2:00 p.m. and 

6:00 a.m. samples in the flowering and pre-flowering 

stages, this was not the case in the post-flowering stage. 

According to α-thujone and camphor action, it was 

observed that with the raising of α-thujone content, the 

content of camphor decreased in each growth stage. The 

highest content of 1,8-cineole (14.1%) was found in the 

pre-flowering stage. The highest values of this component 

were detected at 6:00 a.m. samples in all three growth 

stages. Besides, as the plants got older, 1,8-cineole 

biosynthesis was adversely affected. The greatest 

formation of borneol occurred during the flowering stages 

(10.2-15.8%). An increase was observed in the content of 

this compound from early morning hours to sunset. The 

highest and lowest contents of veridiflorol were identified 

at 2:00 p.m. sample of pre-flowering and the 6:00 a.m. 

sample of post-flowering, respectively. Veridiflorol 

contents decreased with plant aging. The other important 

compounds of S. officinalis VO were α-pinene (0.6-

4.2%), camphene (1.0-5.2%), β-pinene (0.7-2.6%), β-

thujone (1.1-4.9%), caryophyllene (2.1-8.6%), α-

humulene (3.3-10.9%), and epimanool (2.1-6.5%). α-

Pinene and camphene had higher contents in the post-

flowering and flowering stages, respectively. β-thujone 

was found in minimal quantities during the flowering 

stage. The highest contents for caryophyllene, α-

humulene and epimanool were seen in the post-flowering 

stage. However, these components do not have clear 

action in terms of diurnal variability. 

According to the current findings, the chemical 

components of plant VO were not stable during the 

growing season and at different times of the day. In 

addition to the genetic makeup of the plants (Sedlakova 

et al. 2003), the climatic conditions, agronomic 

management, harvesting time and post-harvest 

processing affect the synthesis of secondary metabolites 

(Özgüven et al. 2008). The variation in the amounts of 

constituents could be due to seasonal changes and 

climate changes during the day (Bouaziz et al. 2009). In 

addition, day length (presence of light) and solar 

intensity cause the plant's photochemical reaction and 

change in the accumulation of secondary metabolites 

and their constituents (Ben-Taarit et al. 2010). 

According to Bradley (2006), the main compounds of 

the S. officinalis are α-thujone (10-60%), β-thujone (4-

36%), camphor (5-20%), 1,8-cineole (1-15%). Cis-

thujone (18-43%), trans-thujone (3-8.5%), camphor 
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Table 3. The content and chemical characteristics of Salvia officinalis volatile oil affected by phenological cycle and diurnal 

variation. 

RI* Compounds (%) 

Pre-flowering Stage Flowering Stage Post-flowering Stage 

6:00 

a.m. 

2:00 

p.m. 

8:00 

p.m. 

6:00 

a.m. 

2:00 

p.m. 

8:00 

p.m. 

6:00 

a.m. 

2:00 

p.m. 

8:00 

p.m. 

940 cis-Salvene 0.31 0.16 0.08 0.35 0.12 0.18 0.4 0.11 0.37 

1015 Tricyclene    0.11 0.15 0.18 0.14 1.54 0.12 

1028 α-Pinene 2.72 1.27 0.67 2.31 2.25 2.76 4.2 3.53 3.7 

1074 Camphene 1.03 1.64 1.25 4.67 4.4 5.29 4.03 2.02 3.61 

1117 β-Pinene 1.58 2.04 0.79 2.39 1.91 2.67 1.41 0.91 1.42 

1129 Sabinene    0.16 0.14 0.14 0.13  0.15 

1168 β-Myrcene 0.55 0.51 0.23 0.71 0.58 0.58 0.71 0.57 0.7 

1188 α-Terpinene 0.19 0.12 0.05 0.15  0.12 0.16 0.17 0.16 

1207 Limonene 0.77 0.89 0.59 1.48 1.65 1.74 1.49 1.07 1.39 

1218 1,8-Cineole 14.15 13.86 13.39 13.72 7.07 7.32 8.3 6.99 8.3 

1240 cis-Ocimene 0.97 0.71 0.51       

1254 γ-Terpinene 0.44 0.3 0.13 0.34 0.22 0.22 0.33 0.4 0.34 

1257 trans-β-Ocimene 0.22 0.15 0.13       

1281 o-Cymene 0.17 0.1 0.11 0.19 0.13 0.14 0.54 0.55 0.54 

1292 α-Terpinolene 0.23 0.24 0.2 0.29 0.38 0.36 0.2 0.16 0.18 

1442 α-Thujone 23.83 15.78 16.22 19.22 14.98 13.04 32.73 35.8 32.32 

1449 1-Octen-3-ol    0.21 0.19 0.18 0.05 0.21 0.21 

1460 β-Thujone 4.75 3.15 4.91 2.74 1.44 1.15 3.03 3.8 3.03 

1471 cis-Sabinene hydrate 0.15 0.22 0.18 0.25 0.26 0.2 0.15  0.19 

1510 α-Copaene 0.07 0.12 0.11       

1543 Camphor 7.01 10.05 9.35 15.05 20.26 19.27 19.22 12.1 14.43 

1547 Linalool 0.39 0.45 0.44       

1556 trans-Sabinene hydrate 0.11 0.12 0.12 0.19 0.22 0.18 0.16  0.19 

1598 (-)-Bornyl acetate 0.65 1.03 2.65 2.58 4.53 3.66 1.03 0.89 0.94 

1615  4-Terpineol 0.17 0.22 0.17 0.38 0.33 0.39 0.44 0.64 0.43 

1623 Caryophyllene 8.14 8.63 6.61 4.94 3.37 3.57 2.1 2.91 2.42 

1633 Aromadendrene  0.15 0.12    0.3 0.35  

1664 Sabinyl acetate       0.14 0.29 0.11 

1672 Alloaromadendrene        0.12 0.25 

1683 α-Terpineol 0.23 0.37 0.31 0.29 0.28 0.26 0.22 0.21 0.21 

1697 α-Humulene 10.91 7.65 7.55 3.8 4.2 4.52 3.3 4.16 3.4 

1709 α-Amorphene 0.41 1.04 0.56 1.05 1.17 1.18 0.94 0.88 0.87 

1716 Borneol 2.8 8.3 11.66 10.27 15.16 15.88 3.99 3.81 5.71 

1777 γ-Cadinene 0.2 0.3 0.18 0.15 0.09 0.11    

1805 Myrtenol 0.21 0.1 0.14 0.16 0.23 0.24 0.38 0.36 0.31 

1809 Propanal, 2-methyl-3-phenyl- 0.18 0.25 0.1       

2024 Caryophyllene oxide 0.47 0.48 0.31 0.8 0.78 0.7 0.86 1.2 1.19 

2055 Humulene oxide 0.19 0.09 0.14 0.09 0.11 0.1 0.16 0.23 0.18 

2080 Humulene oxide II 0.91 0.6 0.64 0.65 0.79 0.77 1.13 1.82 1.33 

2112 Veridiflorol 8.56 12.31 11.83 7.62 7.9 7.85 4.52 5.47 5.8 

2146 (+)-Spathulenol       0.19 0.28 0.21 

2216 m-Eugenol 0.21 0.12 0.24   0.16  0.31 0.2 

2319 α-Caryophylladienol 0.22 0.17 0.19 0.21 0.24 0.18 0.2 0.33 0.28 

2679 Epimanool 4.94 5.58 6.51 2.16 4.16 4.41 2.43 4.04 4.18 

Volatile oil content (mL 100gr-1) 1 1.1 1.3 1.4 1.8 2.05 0.85 1.05 1.3 

Grouped compounds (%) 

Oxygenated monoterpenes 54.29 52.87 57.22 62.47 60.41 58.26 68.68 65.21 65.54 

Monoterpene hydrocarbons 9.19 8.14 4.74 13.17 11.92 14.37 13.73 11.02 12.67 

Oxygenated sesquiterpenes 10.35 13.64 13.1 9.36 9.82 9.59 7.06 9.35 8.99 

Sesquiterpene hydrocarbons 19.64 17.99 15.12 9.93 8.83 9.37 6.64 8.43 6.93 

Oxygenated diterpene 4.94 5.58 6.51 2.16 4.16 4.41 2.43 4.04 4.18 

Esters 0.65 1.03 2.65 2.58 4.53 3.66 1.16 1.18 1.06 

Total 99.06 99.24 99.35 99.66 99.67 99.65 99.7 99.22 99.37 
* Retention indices (RI) calculated against n-alkanes (C7-C30) on HP-Innowax column 
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(4.5-24.5%), 1,8-cineole (5.5-13%), a-humulene (0-

12%), a-pinene (1-6.5%), camphene (1.5-7%), limonene 

(0.5-3%), linalool, and bornyl acetate (2.5% maximum) 

have also been suggested as major S. officinalis 

compounds (ISO 9909). 

The amounts of the major constituents of current 

findings such as α-thujone (13-35.8%), camphor (7-

20.2%) and 1,8-cineole (6.9-14.15%) were largely within 

the range of the proposed standards. Most of the 

compounds found in the present study have been reported 

in other studies on S. officinalis with different amounts 

(Mirjalili et al. 2006, Ben-Farhat et al. 2016, Rguez et al. 

2018, Katar et al. 2019). 

Conclusion 

In this study, the influence of phenological cycle and 

diurnal variation were investigated on the content and 

chemical properties of VOs of S. officinalis sampled in 

Afyonkarahisar/Turkey. The quantity and quality of plant 

VOs were significantly affected by harvesting times. 

Based on the obtained results, the highest synthesis of VO 

occurred in the full flowering stage and at 8:00 p.m. The 

VO compositions of the plant varied widely at different 

growing stages and harvesting times (ontogeny and 

diurnal). The effects of climatic factors such as day length, 

insolation, temperature and also plant growth stage on 

these changes were evident. Knowing the agronomic and 

chemical properties and accurately determining the 

biologically active compounds of medicinal plants at 

different growth stages provide a clear perspective for 

their purposeful use including cosmetic, medicine and 

food industries. Extensive research is being conducted on 

adaptation of S. officinalis, including the effects of 

optimal planting time, density, nutrition and irrigation on 

the quantity and quality of the plant under the climatic 

conditions of Afyonkarahisar. 
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